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Abstract. The structural, kinematics and kinetostatics analysis of the lifting and empting 
mechanism from the small containers in the loading area of the machines used to collect and transport 
the domestic waste is studied in this paper. Special calculus procedures, created by the authors, were 
used for the study of the mechanism, from the kinematic and kinetostatic point of view. These calculus 
procedures are specific to each structural group and the mechanism realization is based on those 
structural groups. The obtain data were graphically represented in diagrams to give an objective image 
over the kinematic and kinetostatic parameters of the mechanism. 
 




Refuse machines for collect and transport of the waste materials, from the production 
point to the ecologic waste deposits, have as main working parts the following: proper 
collecting bin, waste feed hopper, lifting and empting equipment of the pre-collecting 
recipients (bins, small containers), compaction mechanism, hydraulic drive equipment for 
charging and discharging [12]. 
The mechanisms for lift and discharge the small pre-collecting containers on the 
receiving hoppers of the refuse machines are, usually, articulated bar mechanisms. The role of 
those mechanisms is to lift the pre-collecting container in vertical position, up to the feeding 
hopper of the refuse machine, thus the wastes stay in the container, and then to fold it thus the 
waste fell in the machine feed hopper. They are, generally, planar mechanisms with 
articulated bars drive by hydraulic cylinders. 
Kinematics and kinetostatics study of these mechanisms can be easily done if these 
mechanisms are decomposed in simple modules which can be study independently, from 
kinematic and kinetostatic point of view. The authors have realized calculus procedures which 
were reunited in a main program in order to study those mechanisms. The dimensions of 
mechanism elements are based on the results of the study, thus those elements can be 
produced with minimum quantity of material and can withstand the loads imposed by design. 
 
STRUCTURAL ANALYSIS OF THE MECHANISM  
 
The kinematics scheme of the analyzed mechanism is presented in Fig. 1. If the 
relative motions between mechanism’s elements are taken into consideration, it can be 
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observed that the mechanism has the following joints: A0(3R0), G0(1R0), H(1T2), G(2R3), 
A(3R6), B(3R4), C(4R5), D(5R6), E(3R8), F(4R7) and I(7T8). The mobile elements of the 
mechanism are: 1(G0,H), 2(G,H), 3(A0,A,E), 4(B,C,F), 5(C,D), 6(A,D), 7(F,I), 8(E,I). The 
mobility degree was obtain taking into consideration the number of mobile elements and the 



























































                                            a)                                                             b) 
Fig. 1. Kinematics scheme of the lifting and empting mechanism 
 
The structural and multipolar schemes, presented in figure 2, were established in order 
to highlight the structural groups that compose the mechanism. 
From the structural scheme comes out that the mechanism is compose by the base 
Z(0), the drive groups RRTaR(1,2,3), RRTaR(4,7,8) and the dyad RRR(5,6). 
The multipolar scheme and the structural relation of the mechanism are presented in 
figures 2.b) and 2.c). 
The mechanism from figure 1 has a variable structure, as follows: in the first phase, 
the hydraulic cylinder, formed by the elements 1 and 2, is blocked meaning the active joint H 
is cancelled. In this case, the element 3 is fix and the mechanism is composed only by the 
drive group RRTaR(4,7,8) and the dyad RRR(5,6). 
After the garbage can is lifted to a certain height, the hydraulic cylinder formed by the 
elements 7 and 8 is blocked, thus the mechanism is composed by the base Z(0) and the 










































Fig. 2. The structural scheme, a), the multipolar scheme, b), and the structural relation, c), of the mechanism 
 
KINEMATICS ANALYSIS OF THE MECHANISM 
 
The kinematics analysis of the mechanism consists in the determination of the 
positioning parameters, velocities and accelerations, for all the mechanism’s elements. 
A calculus procedure for kinematic parameters of the component parts was 
established, for each structural group that contributes to mechanism realization. The 
kinematics schemes of the modules, from which the kinematic calculus procedures were 
establish, are presented in Fig. 3 and Fig. 4. 
 

























Fig. 3. Kinematics scheme of dyad RRR                       Fig. 4. Kinematics scheme of drive group RRTaR 
 
Kinematic schemes of the structural groups that constitute the studied mechanism are 
presented in Fig. 5, Fig. 6 and Fig. 7. 
First time, the hydraulic cylinder formed by elements 1 and 2 is considering blocked, 
meaning that the element 3 becomes rigid. The kinematic parameters of the elements 4, 5, 6, 7 
and 8 are studied in this case. The determination of the kinematic parameters of the elements 
4, 7 and 8 is done using the drive group RRTaR(4,7,8). The kinematic parameters of the 
elements 5 and 6 are determined using the procedure corresponding to the dyad RRR(5,6). 
Second time, the hydraulic cylinder formed by elements 7 and 8 is consider blocked, 
thus the elements 3, 4, 5, 6, 7 and 8 form a rigid. The kinematic parameters of the elements 1, 
2 and 3 which form the drive group RRTaR(1,2,3), are studied in this case. 
The calculus was done for 20 equidistant positions of the element 1, relatively to 
element 2, with a pitch of 0.01 m and 28 equidistant positions of the element 7, relatively to 
element 8, with a pitch of 0.01 m [2,3,4,6,10]. 
The dimensions of the mechanism’s elements and the positions of the joints adjacent 
to the base are: A0A = 0.60 m, A0G = 0.15 m, AB = 0.30 m, A0E’ = 0.26 m, EE’ = 0.02 m, 
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BF = 0.20 m, BC = 0.75 m, CD = 0.60 m, AD = 0.50 m, A0B = 0.89 m, DJ = 0.20 m, 
JT = 0.10 m, XA0 = - 0.13 m, YA0 = 0.48 m, XG0 = 0 m, YG0 = 0 m, α = 0.698 rad, β = 2.9 
rad,  γ =  - π/2 rad. 
The initial position of the mechanism is given by: S1 = S01 = G0G = 0.43 m, S8 = S08 
= EF = 0.52 m. The pistons’ strokes are: CP1 = 0.20 m, CP7 = 0.28 m. The relative velocities 
between elements 1 and 2, respectively 7 and 8 (the relative velocities of the translation joints 
H and I) are: DS1 = 0.05 m/s, DS8 = - 0.05 m/s. The relative accelerations between elements 1 
and 2, respectively 7 and 8 (the relative accelerations of the translation joints H and I) are: 
D2S1 = 0 m/s2, D2S8 = 0 m/s2. 






























Fig. 5. Kinematics scheme          Fig. 6. Kinematics scheme         Fig. 7. Kinematics scheme 





















Fig. 8. Diagrams of angles ϕ1, ϕ3, ϕ4, ϕ5, ϕ6, ϕ8 
 
An increment is equal to the size of piston stroke divided by the number of steps 







For the studied case, there were considered the following data: 
[ ]m 0.200_1_2strokepiston_ =  
20np = . 





















OM3, OM4, OM5, OM6, OM8
 
Fig. 9. Angular speeds diagrams of mechanisms’ elements 
 
KINETOSTATICS ANALYSIS OF THE MECHANISM 
 
For the kinetostatics analysis of the mechanism, the applied and inertial forces from 
the elements’ centers of mass were reduced and, after that, there were applied the procedures 
corresponding too each structural group. It is mentioned that the kinetostatics analysis is done 
in reverse that the kinematics analysis, meaning it starts with the last structural group 
presented in the multipolar scheme from figure 2, the dyad RRR(5,6), and continuing with the 
drive groups RRTaR(4,7,8) and RRTaR(1,2,3). There were elaborated calculus procedures of 
the reaction forces from the cinematic pairs and of the drive forces from the active joints of 
the drive groups, corresponding to the structural groups of the mechanism. 
In Fig. 10, Fig. 11, and Fig. 12 are highlighted the forces and moments reacting on the 
mechanism elements and, also, are presented the kinetostatic schemes of the structural groups. 
The kinetostatics analysis was done based on the following data: 
a) the masses of the mechanism’s elements: m1 = 3.0 kg, m2 = 1.0 kg, m3 = 10.0 kg, m4 = 
3.0 kg, m5 = 4.0 kg, m6 = 2.5 kg, m7 = 1.5 kg, m8 = 3.0 kg; 
b) the centers of mass position: G0G1 = 0.2 m, GG2 = 0.2 m, A0G3 = 0.4 m, ( ) 103002 .GA,AA =∠=α rad, BG4 = (BC/2) m, CG5 = (CD/2) m, AG6 = (AD/2) m, FG7 = 
0.3 m, EG8 = 0.3 m; 
c) the inertial moments  of the elements: IG1 = 0.06 kgm2, IG2 = 0.01 kgm2, IG3 = 1.0 
kgm2, IG4 = 0.02 kgm2, IG5 = 0.02 kgm2, IG6 = 0.015 kgm2, IG7 = 0.02 kgm2, IG8 = 0.07 
kgm2; 








































Fig. 10. Dyad RRR(5,6): a) highlighting the forces and moments reacting on the dyad elements; b) kinetostatics 





















































Fig. 11. Drive group RRTaR(4,7,8): a) highlighting the forces and moments reacting on the structural group; b) 

























































                                           a)                                                      b) 
Fig. 12. Drive group RRTaR(1,2,3): a) highlighting the forces and moments reacting on the structural group; b) 
kinetostatics scheme of the drive group RRTaR(1,2,3) 
 
































                                                 a)                                        b) 
Fig. 13. Hodographs of reacting forces in the joints A0 and D 
 
The diagrams of the driving forces in the hydraulic cylinders formed by the elements 1 
and 2, respectively by 7 and 8, depending on the mechanism position, are presented in figure 
14, a) and b). 
Based on the obtain data, the hydraulic cylinders are chosen in order to drive the 
mechanism elements and the stress analysis for the kinematic elements is realized. 
The calculus for the kinematic and kinetostatic parameters of the mechanism elements 
was realized for the mechanism dimensions of the machine existing in the exploitation of the 
fleet of machines for loading and transportation of the garbage. The machine is a FAUN 




























                                             a)                                                                  b) 




The refuse vehicles for collecting and transportation of the garbage are composed of 
planar mechanisms with articulated bars for lifting and empting the garbage can, and also for 
tamping during the garbage collection. These mechanisms have to assure an efficient process 
of the vehicle and it is necessary to do the kinematics and kinetostatics analyze of each 
mechanism in order to establish the design and functional parameters of its. 
The mechanisms’ structural groups can be studied individually from kinematic and 
kinetostatic point of view. In that order, one can study easily any structure of mechanism, 
from any machine or equipment using the mechanisms’ modulation. The main calculus 
procedures and programs can be done in known programming languages or can be used 
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